The authors conducted a systematic review of the literature for scientific articles in selected databases to determine the effects of aging on Type II muscle fibers in human skeletal muscles. They found that aging of Type II muscle fibers is primarily associated with a loss of fibers and a decrease in fiber size. Morphological changes with increasing age particularly included Type II fiber grouping. There is conflicting evidence regarding the change of proportion of Type II fibers. Type II muscle fibers seem to play an important role in the aging process of human skeletal muscles. According to this literature review, loss of fibers, decrease in size, and fiber-type grouping represent major quantitative changes. Because the process of aging involves various complex phenomena such as fiber-type coexpression, however, it seems difficult to assign those changes solely to a specific fiber type.
The aging process is accompanied by structural and functional changes of organs and major bodily systems. It is well established that human skeletal muscles get smaller (Hyatt, Whitelaw, Bhat, Scott, & Maxwell, 1990; Overend, Cunningham, Kramer, Lefcoe, & Paterson, 1992) , weaker (Cunningham, Morrison, Rice, & Cooke, 1987; Larsson, Grimby, & Karlsson, 1979; Overend et al.) , and slower (Davies & White, 1983; Newton & Yemm, 1986; Vandervoort & McComas, 1986) with increasing age. A positive correlation has been shown between muscle strength and the functional status of elderly individuals (Hyatt et al.) . Along with the shift in demographics toward an increased elderly population are the associated health care costs and utilization. Therefore it is crucial to understand age-related changes in muscles in order to develop optimal strategies to prevent functional declines and promote efficient rehabilitation when indicated.
Studies have shown that the aging process results in atrophy of the muscles, primarily affecting Type II muscle fibers (Andersen, 2003; Aniansson, Hedberg, Henning, & Grimby, 1986; Lexell, Taylor, & Sjostrom, 1988; Poggi, Marchetti, & Scelsi, 1987; Porter, Vandervoort, & Lexell, 1995) . Type II fiber characteristics scholarly reviews include short contraction time and the ability to produce high tension. Therefore, with aging the muscles lose their ability for explosive force as a result of the preferential atrophy of these fibers. It can be hypothesized that this has a negative impact on activities of daily living. With a better understanding of the aging process of the muscle fibers, specifically the Type II fibers, it might be possible to develop targeted exercise guidelines and increase efficacy of functional training for the elderly. The aim of this study was to perform a systematic review of the literature regarding the effects of aging on Type II muscle fibers.
Material and Methods

Search Strategy
We performed electronic-database searches in MEDLINE (PubMed, from inception to August 2003), PEDro (online version, University of Sydney, Australia, August 2003), and Science Citation Index (Web of Science, Thomson ISI, Philadelphia, PA). In addition, we hand searched the bibliographies of all included studies that were identified in the literature search. Table 1 gives a summary of the search terms and results.
Criteria for Consideration
We included cross-sectional and longitudinal studies that were published as original journal articles. The focus was on investigations of large limb or trunk muscles in older, healthy human adults who engaged in moderate physical activity. We did not apply any language restrictions. We excluded studies examining muscle groups other than large limb or trunk muscles and study populations including patients or subjects performing heavy physical activity. 
Data Extraction
The bibliographic details of all retrieved articles were stored in a Reference Manager file. We removed duplicate records resulting from the various database searches. Two members of the review team independently scrutinized the titles and abstracts of all identified citations. We obtained full text of all articles identified for inclusion through abstract reviews. The two reviewers independently evaluated the full text of all retrieved articles using a standard scientific-paper-appraisal form (Spitzer et al., 1995) . This form prompted the reviewers to record information regarding the study design, methodological features, analysis, clinical relevance, scientific merit, strengths, and weaknesses of each study. The two reviewers appraised studies for their relevance to the research question and the quality of evidence. Based on this, each reviewer identified articles to include in the systematic review. A study was accepted when rated both relevant and of appropriate quality of evidence. Any disagreement was resolved by consensus, with close attention paid to the inclusion and exclusion criteria. When consensus could not be reached, a third reviewer was consulted. Figure 1 outlines the results of the study-selection process. In total, 21 articles met the inclusion criteria and were included in the review. Three studies followed a prospective longitudinal study design (Aniansson, Grimby, & Hedberg, 1992; Aniansson et al., 1986; Frontera et al., 2000) . The other 18 were single crosssectional studies. Sample size ranged from 6 to 55 study participants. Most investigators obtained muscle-tissue samples by percutaneous biopsy of the vastus lateralis and used ATPase staining to differentiate muscle fiber types. Table 2 provides a brief summary of each article.
Results
General Aspects
Fiber-Type Proportion
There is conflicting evidence regarding a change in Type II fiber proportion. Whereas some studies found no significant difference (Aniansson et al., 1992 (Aniansson et al., , 1986 Coggan et al., 1992; Grimby, Danneskiold-Samsoe, Hvid, & Saltin, 1982; Klein, Marsh, Petrella, & Rice, 2003; Lexell, Henriksson-Larsen, Winblad, & Sjostrom, 1983) , others showed a decrease in Type II fiber proportion (Aniansson et al., 1992; Fayet, Rouche, Hogrel, Tome, & Fardeau, 2001; Larsson et al., 1979; Larsson, Sjodin, & Karlsson, 1978; Lexell, Downham, & Sjostrom, 1986; Monemi, Eriksson, Eriksson, & Thornell, 1998; Poggi et al., 1987) . This decrease seems to appear between the ages of 76 and 80 years, whereas there was no change of proportion between 69 and 76 years (Aniansson et al., 1992) .
Number of Fibers
The total number of fibers in the vastus lateralis has been shown to significantly decrease with increasing age (Lexell et al., 1983 (Lexell et al., , 1988 . This process starts at about 25 years and progresses at an accelerated rate thereafter (Lexell et al., 1988) . One study reported that this loss of fibers mainly affected Type II fibers (Lexell et al., 1983) . One study investigating the biceps brachii, however, revealed no loss of fibers (Klein et al., 2003) .
Fiber Size
The overall conclusion in terms of a decrease in Type II fiber size is very consistent. A decrease in Type II fiber size was seen in the vastus lateralis (Aniansson et al., 1986; Aniansson, Grimby, Hedberg, & Krotkiewski, 1981; Klitgaard et al., 1990; Larsson et al., 1979; Lexell & Taylor, 1991; Lexell et al., 1988; Poggi et al., 1987) , tibialis anterior (Jakobsson, Borg, & Edstrom, 1990), gastrocnemius Note. LDH = lactate dehydrogenase; MK = myokinase; CSA = cross-sectional area; MyHC = myosin heavy chain; GSHPx = glutathione peroxidase; CAT = catalase; GSH = glutathione; GSSG = glutathione oxidized form; LPO = lipid peroxide; SOD = superoxide dismutase. (Coggan et al., 1992) , deltoid (Fayet et al., 2001) , and biceps brachii (Aniansson et al., 1986; Grimby et al., 1982; Klein et al., 2003; Klitgaard et al., 1990) . This decrease in size was more evident in the lower than in the upper extremity (Grimby et al.) . The second follow-up study by Aniansson et al. (1992) , however, found no significant decrease in Type II fiber area between the ages of 69 and 76 years but a significant increase in both Type I and Type II fiber areas from >76 to 80 years. According to the authors a possible reason for this hypertrophy was a compensatory adaptation for the loss of motor units.
Morphology
It is well established that the aging process is accompanied by morphological changes in muscle fibers (Jakobsson et al., 1990) . These changes occur mostly in the eighth decade (Grimby, 1995) and include primarily a fiber-type grouping (Klitgaard et al., 1990; Lexell et al., 1986; Lexell & Taylor, 1991) . This term describes the fiber-type distribution in cluster rather than being spread randomly through the muscle as it is normally seen in younger healthy people.
Besides the grouping phenomenon, other morphological changes have been observed in aging muscle. Fayet et al. (2001) found more mitochondrial aggregates in elderly adults, whereas a decrease in mitochondrial size and number has been detected by Poggi et al. (1987) . Moreover, an increase in lipid droplets in the muscle fibers of older subjects has been reported (Poggi et al.) .
Metabolic Adaptation
There is evidence that Type II fibers are able to maintain their anaerobic enzyme activity up to old age, whereas their oxidative capacity decreases with age (Aniansson et al., 1981 (Aniansson et al., , 1986 Coggan et al., 1992; Larsson et al., 1978) . This implies that the aerobic enzymes decline with age, whereas the glycolytic enzymes are less affected by age.
Discussion
According to the results of this systematic literature review, aging of Type II muscle fibers is primarily associated with a loss of fibers and a decrease in fiber size. Morphological changes with increasing age included Type II fiber grouping.
In the literature, the results regarding decreased size and numbers in Type II fibers are quite consistent (Aniansson et al., 1981 (Aniansson et al., , 1986 Coggan et al., 1992; Fayet et al., 2001; Grimby et al., 1982; Jakobsson et al., 1990; Klitgaard et al., 1990; Larsson et al., 1979; Lexell et al., 1983 Lexell et al., , 1988 Lexell & Taylor, 1991; Poggi et al., 1987) . The changes in proportion are somewhat conflicting (Aniansson et al., 1992) . Reasons for this discrepancy are intra-and intermuscular variability, as well as individual differences within subjects (Lexell & Taylor) . In addition, there is evidence for a coexpression of different fiber types within a single muscle fiber with increasing age (Andersen, Terzis, & Kryger, 1999) . Hence, mATPase staining detects only a single fiber type, although one muscle fiber consists of a coexpression of different types (Andersen et al.) . Thus, caution must be taken when considering studies conducted with mATPase staining, because fibers do not show a clear differentiation between fiber types in the current histochemical techniques. The most considerable morphologic changes of aging Type II muscle fibers included fiber-type grouping. This refers to a neurogenic process indicating a denervation-reinervation process. This seems to be accompanied by a reduction in the number of motor units and an increase in the size of surviving motor units (Stalberg & Fawcett, 1982) . Because the glycolytic activity remains more or less unaffected by age, one can assume that the loss of strength is caused primarily by the loss of muscle fibers and these neurogenic processes.
The strength of this systematic review includes the broad literature search including three databases and hand searching for additional trials in the references of the selected articles. Nevertheless, this review emphasized single articles rather than quantifiable meta-analyses.
This review reveals the need for future studies with large sample sizes and longitudinal designs. It is difficult to find an appropriate number of healthy volunteers who are willing to participate in a study with muscle biopsies as an invasive component and to follow such a study population over a long period of time. In addition, the influence of confounding factors such as physical activity, medical conditions, and nutrition must be considered, as well.
The focus of this literature review has been on the structural changes of Type II muscle fibers, but the implication of these structural changes on muscle function remains to be elaborated. It is important to note that older muscles seem to be affected not only quantitatively but also qualitatively. A number of studies indicated that a fiber of the same type exhibits lower tension (Larsson, Li, & Frontera, 1997) and speed of contraction (D'Antona et al., 2003) in older individuals. Therefore, the age-related reduction in Type II fibers has an important functional and clinical implication because muscle power is more affected by aging than strength (Macaluso & De Vito, 2004; Skelton, Greig, Davies, & Young, 1994) . It has been shown that progressive resistance training results in improved muscle strength and gait speed in older adults (Latham, Anderson, Bennett, & Stretton, 2003; Latham, Bennett, Stretton, & Anderson, 2004) , but the effect of progressive resistance training on physical disability remains unclear.
In conclusion, Type II muscle fibers seem to play an important role in the aging process of human skeletal muscles. According to this literature review, loss of fibers, decrease in size, and fiber-type grouping represent major quantitative changes. The decrease in power and speed of contraction with increasing age also indicates qualitative changes. Because the process of aging involves various complex phenomena such as fiber-type coexpression, however, it seems to be difficult to assign qualitative, as well as quantitative, changes solely to a specific fiber type.
